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Abstract. In viable human erythrocytes, passive down- latory situation or by artificially induced shear stress

hill entry of C&™ through the plasma membrane is op- vitro (Larsen et al., 1981).

posed by an active extrusion €gump mechanism Three basic mechanisms are responsible for the
which maintains a free [G4,=10 m. This passive maintenance of this relatively low free intracellular®Ca
Ca* permeability can be determined reliably in cells concentration. They are (i) an inherently low passive
with a completely arrested €& pump, as can be permeability for extracellular G4, (ji) various intracel-
achieved in cells which are both ATP-depleted and vanatuylar C&*-binding components such as calmodulin and
date-treated. With this approach, whole-cell preparapolar phospholipid heads on the inner leaflet of the
tions from banked human erythrocytes exhibited passivglasma membrane and (iii) a primary active ?Ga
net uptake of C& that has characteristics of a carrier- transport extrusion mechanism @a+ Mg?*)-ATPase
mediated process which could be shunted by the additiogctivity. Under normal resting conditions this Ta

of the C& " ionophore A23187. Passive Caiptake was  (ransport system operates at approximately 1% of its
apparently independent of extrgceIIU|arWK+ or CI" " maximal capacity, suggesting that under normal operat-
and was not responsive to a variety ofCehannel entry - ing'conditions for an erythrocyte in circulation, the sys-
blockers. However, in the presence of phenylglyoxal, gem is well designed to extrude much larger quantities of
specific, cpvalent mod|f|gr of arginyl reS|ducles,.th_e |n!t|al Ce?* stemming from a compromised passive permeabil-
(0 to 60 min) rate of passive €auptake was inhibited in 1" harrier. This passive permeability barrier may be
a dose-dependent manner. This can be taken in SUPPQLLmhromised by acquired or inherent pathological con-

; . ; oy
of a proteinaceous carrier-mediated passivé'@aitry iions as well as by the presence of certain xenobiotics
mechanism that involves one or several functional argi-

. e and drugs.
nyl residue(s) and may represent?Caack-diffusion : ; y
through the arrested Eatranslocation pump. In the past, measuring passive’Cpermeability has

been attempted using intracellularCahelator loading,

or various vanadate pretreatment protocols or metabolic
Key words: Passive C& permeability — Human eryth-  inhibition by substrate depletion. Desai, Schlesinger and
rocyte membrane — Phenylglyoxal — strontium —*Ca  Krogstad (1991) used a combination of metabolic ATP
channel entry blockers depletion (with iodoacetamide) and vanadate treatment
to obtain a physiologic rate of Gaentry, in the absence

of any residual C& extrusion pump (C& + Mg*"-
ATPase activity. Furthermore, these authors suggested
that net passive G4 entry was mediated via a simple

Human and other non-nucleated erythrocytes maintain Rarrier mechanism obeying Michaelis-Menten kinetics at
concentrations below 5 mCa&"* with a V,,, of 291 to

free intracellular C& concentration of about IO ™ or
max

less in a resting, i.e., noncirculating state. This concen- -
- P T i 321 nmol Ca/g dry weight per hr andka, of 1.1 to 1.3
tration may be temporarily increased in erythrocytes tha?nM c&* An gddii/ionaﬁ unF;aturabIe I((%‘mponent of less

are physically stressed, either in amvivo microcircu- than 5% ofV, . between 5 and 30 m C&* was also
observed (Desai et al., 1991). Similar two-component

I influx kinetics using different experimental conditions

Correspondence to: B.U. Raess have been observed by other laboratories as well (Tiffert,
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A 23187 trusion mechanism. In addition, we characterized the
204 i carrier in terms of temperature, ion dependency’” Sr

competition, C&" channel entry blocker sensitivity and
15 4 irre\llersible pharmacological modification by phenylgly-
oxal.

10
Materials and Methods

PREPARATION OF SUBSTRATE-DEPLETED ERYTHROCYTES

*5Ca® NET UPTAKE ( pmoles /L)

0+ : Outdated human erythrocytes (1 to 35 days past the expiration date)
L ] from the local blood bank were washed and centrifuged 3 times in
‘ ! ! ‘ ‘ ‘ about four volumes of ice-cold 154nmNacCl at 5,000 rpm. After each
0 50 100 150 200 250 300 centrifugation the supernate and top layer of contaminating lipids,
TIME (min) white cells and platelet debris were carefully removed to give a homo-
geneous sample of red blood cells. The hematocrit was determined
Fig. 1. Passive C& permeability and the effect of A23187 in human (typically >94%) and adjusted to 5% with a buffer (pH 7.4) containing
erythrocytes: Net uptake dffC&* into metabolically depleted and (in MMm): 130 KCI, 30 sucrose, 20 Hepes, 6 iodoacetamide, 10 inosine
vanadate-pretreated erythrocytes. After 4 hr of accumulation and re@nd 0.1 EGTA. This cell suspension was incubated for three hours at
moval of extracellular C, 1 um A23187 ionophore was added to the 37°» at which point cells could be stored on ice for up to 3 days without
incubation medium. Data shown are the meanssanaf two indepen- ~ @ny noticeable change in passive permeability characteristics.
dent experiments carried out in duplicate. The curve shown is a least
square regression fit of the 2nd order with a correlation coefficignt (
of 0.986. Where missing error bars were smaller than symbol size.

MEASUREMENT OF PassIVE *°Ca* UPTAKE

Cells suspended in depletion buffer were incubated at 37° for 30 min in
the presence of 0.5mNa;VO,. Passive uptake was then initiated by
the addition of 2 mn *°CaCl, (specific activity 1.2 to 2.4.c/mg) to a
4% cell suspension in depletion buffer containing 0% soedium vana-
date and various additions. Modifications and additions to this stan-
dard protocol are noted in the appropriate result section and figure
legends. At various timed intervals a 200 sample was removed and

3 23 4 quenched in six volumes ice-cold buffer containing 1.0 BGTA.
Temperature (°C) The samples were then centrifuged for 9 sec in an Eppendorf mi-
crofuge. The pellet was washed twice more in this solution and then
bleached and digested with 200 of 2.5% NaOCI solution. Zero time
samples served as background measurements, and cell numbers deter-
mined by Coulter Counter or with a hemocytometer were used to
calculate uptake rates and total cell volume based on an average cell
volume of 80 fl.

Unless otherwise stated, graphs show computer-fitted least square
regression lines of the second order, and error bars in graphs represent
sem of at least three independent experimentssfwin cases involving
only two experiments) carried out in duplicate or triplicate. If missing,
pH values for error bars are smaller than symbol size. Significance of

differences were evaluated using Studeidsst analysis.
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Fig. 2. Effects of temperature and extracellular pH on passivé" Ca
permeability into erythrocytes: Incubation temperature and hydrogen

ion concentrations were changed for 180 min and the ratéQz* net Results
uptake was assessed by regression analysis and expressed as % of

control at 37° and pH 7.4 (inset). The pH profile was assessed by .
measuring total accumulation &iCa after 2 hr at 37° and is expressed NET UPTAKE OF Ca™" INTO METABOLICALLY ARRESTEQ

as the means argkm of accumulated counts in 3 independent experi- Ca&* PUMP-INHIBITED ERYTHROCYTES
ments.
Erythrocytes that were pretreated under conditions that

GarciaSancho & Lew, 1984; McNamara & Wiley, insure a completely inactivated €aextrusion pump,
1986; Lew, 1990). i.e., ATP-depleted and sodium vanadate-pretreated (De-

In the present work, we examined passiveé Qeer-  sai et al., 1991), were incubated for an additional 4 hr in
meability in human erythrocytes under conditions thatstandard iso-osmotic (302 mOsm) incubation medium
maximized the probability of a completely arrested ex-containing (in nm): 2 “°*CaCl,, 130 KCI, 30 sucrose, 20
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35 min from a fitted first order exponential curve). After 10
min, intracellular levels decreased to pre-accumulation
@ 307 levels.
; 25
ft, ' TEMPERATURE AND pH DEPENDENCE OFPassIVE Ca*
o 20 PERMEABILITY IN ERYTHROCYTES
N4
E 15 4 Lowering the normal incubation buffer temperature of
> 37° to 23° and 4° diminished the rate of passive uptake
LZ_-' 1.0 over a 3-hr period to 36% and 17%, respectively (inset
& Fig. 2).
$ 05 Altering the pH in the incubation buffer from 4.4 to
6.4 did not affect the uptake rate significantly. Raising
0.0 = ' ‘ ‘ ‘ the pH further, however, produced an apparently expo-

0 40 80 120 160 20 nential increase resulting in a 5.5-fold greater rate of

TIME (min) Ca* uptake at pH 9.4.

Fig. 3. Nondependence on potassium or sodium ion: Rates of erythSopium, POTASSIUM AND CHLORIDE INDEPENDENCE OF

rocyte C&" net uptake in media with various ionic compositions. (in Cz2* NeT UPTAKE

mm): 130 KCI (control,@); 130 NaCl (J); 126 NacCl, 4 KCI 0); 126

KCl, 4 NaCl (A), and 130 choline Cthrldﬂ) Curves are least square Flgure 3 Summanzes pass“/e erythrocyté*@mt uptake
fitted 2nd order regressions through means of 2 to 5 (control) eXpelivates under various depletion and incubation conditions
ments. with regard to ion composition. To explore the cation
dependence of the uptake process, the standard 30m

_ o § KCl was substituted with 130 m NaCl, or 130 nw
© 087 L 2 gg choline chloride, or the combinations of 12&rKCl and
E 0.7 SR ] 4 mm NaCl, or 126 nm NaCl and 4 rm KCI. The time
& o6 o £~ course over 180 min was curvilinear as seen in Figs. 1
~ e and 3, and under conditions with the higher amounts of
¢ o5 sodium {, O) the curvature was somewhat more pro-
E 04 4 nounced, suggesting that the uptake process would reach
) a plateau earlier than under conditions that lacked any
b %37 sodium. Similar rates of uptake were obtained when
f 0.2 chloride ions were substituted with sulfate in the form of
3 01 K,SQ, in concentrations ranging from 35 to 104vm
¢ ’ with K™ kept constantr{ot showi). Osmolarities of the

e . . w w . various incubation media were calculated and then mea-

° 2 4 e 8 100 sured (288 to 308 mosm/L) to minimize contributions of
changes in cell volume. Thus, rate of Canet uptake
were largely unaffected by changing extracellular main
Fig. 4. C&* net uptake competition by strontium: Time course ofCa 10N composition ruling out several exchange and channel
net uptake in the absence and presence of an additionaMlBomra- pathways.

dionuclide CaCJ (A) or SrCl (O) to control (2 nm **CaCl,) incuba-

tion r'n.edlun? 9).'T'he _mset graph shows absolute uptake corrected forSTRONTIUM COMPETITION WITH Ca2* FOR ENTRY INTO
specific radioactivity in the presence of 2mM®) and 15 nv CaCl, THE CELL

(D).

TIME (min)

Figure 4 demonstrates the effects of the addition of 15
Hepes, 6 iodoacetamide, 10 inosine, 0.1 EGTA and 0.%5nvm nonradionuclides SrGlor CaCl, to the incubation
Na,VO,. Figure 1 shows a slow, gradually curvilinear medium containing 2 m “*CaCl,. The apparent inhibi-
influx of Ca?* into the cells with a rate of influx of 6.85 tion of net uptake in terms of cpm by Ca@s on account
+ 0.38 pM/L cells/hr during the initial 60-min period. of the dilution of specific activity, whereas SeCeem-
After 4 hr of intracellular C&" accumulation, extracel- ingly competed with CaGlfor entry into cells and re-
lular C&* was removed by washing the cells in incuba- duced it by 55% after 90 min. The comparatively lesser
tion medium lacking free C4. These cells could then inhibition by a equimolar concentration of SkGluggests
be shunted efficiently and rapidly by the addition of 1 that this particular ion has a decreased affinity for the
uM calcium ionophore A23187 to the mediumy(2.48  permeability site. The inset in Fig. 4 shows the actual
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Fig. 5. Concentration-dependent®Sicompetition for C&* net uptake:
Semi-logarithmic C&" concentration-effect relationship curves in the
absence®) and the presence of 5nm(0), 15 mv (A) and 30 nm (V)
strontium chloride. Accumulation of*C&* over a 90-min period is
shown with the inset representing a double-reciprocal plot of nét Ca
uptake rates in the range of 0.1vnto 5 mv substrate after correction
for specific activity.
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Fig. 6. Lack of inhibition of C&* channel entry blockers®Ca?* net

B.U. Raess and C.E. Keenan: Passivé*®@ermeability in Human RBCs

Sf— 10 gz
= L g <
74 . 'g_,
23
6 - -4 "za%
ZE
F2 g2

[&]

5 ~0 ¢

0o 5 4 3 2
| -log Phenyliglyoxal (M)

“*Ca® NET UPTAKE (cpmx 10°)

[ T T T
0 20 40 60

TIME (min)

Fig. 7. Effects of phenylglyoxal on passive €gpermeability: Inhibi-

tion of the initial rate of*°*C&2* net uptake @) by 1 mm (V), 3 mmv (O)

and 10 nw (OJ) phenylglyoxal. The curves shown are computer-fitted
2nd order polynomial regressions. Inset: Concentration-effect relation-
ship of a 90-min exposure to phenylglyoxal expresseduamles/L
cells/hr.

uptake process in an apparently competitive manigy; (
= 1.3 mv andK; for SP* = 7.8 mw).

LACK OF INHIBITION BY Ca* CHANNEL
ENTRY BLOCKERS

Several prototype G4 channel entry blockers with a
large diversity in their physicochemical characteristics
failed to significantly reduceR 0.05) the passive G&
permeability over a wide range of concentrations (Fig.
6). Similarly, ryanodine (10-?to 10°°® m), the conotox-
ins GVIA and MVIIC (102 m to 10°° m), and the po-
tassium channel modulators TEA and TMA ({104 to
1072 m) did not affect the rate of passive €aentry (ot
shown).

INHIBITION OF PassivE Ca&* NET UPTAKE
BY PHENYLGLYOXAL

uptake into ATP-depleted, vanadate-treated erythrocyte is unaffecte®henylglyoxal, inhibited passive &€apermeability in a

by a wide concentration range of verapan@)( diltiazem @\), nifed-
ipine (O) and bepridil 0). Data are expressed as mean percentsand
of maximal activity at 90 min in the absence of any*Cantagonists
from single experiments performed in duplicate.

concentration-dependent manner. Figure 7 shows a 60-
min time course in the presence of 1, 3, and 1@ m
phenylglyoxal with the concentration-effect relationship
shown in the inset. After a 90-min exposure to ' m
phenylglyoxal net passivé®Ca&* permeability was re-

increased rate of G4 uptake (corrected for specific ac- duced by 60% from 8.17 + 0.17 to 3.32 + 0.génoles/L

tivity) due to the addition of 15 m CaCl,. Predictably, cells/hr.
the time to equilibrium of passive influx over passive
efflux was diminished by increasing the ratio,@@a..  Discussion

Accumulation of counts at 90 min as a function of
increasing C& concentrations is shown in Fig. 5. Atall It is generally accepted that mammalian cells need to
C&" concentrations up to 5m strontium inhibited the very tightly control a typically low intracellular level of
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calcium. The primary active Gaextrusion pump in the exponential function reaches 97% of the plateau of 21.36
plasma membrane is an important component in this hopmoles/L cells at 600 min and can be short-circuited
meostasis (Campbell, 1983; Schatzmann, 1983; Regafficaciously (with at,,, of 2.5 min) by the addition of 1
1986; Stein, 1986; Lew, 1990). Whereas the behavior ofum C&* ionophore A23187 (calcimycin), suggesting
this pump mechanism is relatively well understood, thethat C&* accumulates into a mobile and releasable pool
nature and characterization of passive fluxes has beeof free intracellular C&.
only slowly forthcoming. However, the use of ATP- The net uptake could be shown to be mostly unaf-
depleted, iodoacetamide- and vanadate-pretreated cellected by changing the pH within one unit of normalcy
which insures complete inhibition of the €aextrusion  (7.4) but was clearly temperature sensitive as expected
pump, allowed for the first time to convincingly assessfrom a phospholipid-embedded carrier-mediated process
and characterize what appears to be a carrier-mediatethat does not participate in proton exchange. On the ba-
reversible transport process that can also transport stromsis of substituting sodium and potassium completely, and
tium (Desai et al., 1991). Using this approach, we ex-in various ratios, without affecting rates of uptake sig-
amined the passive Eapermeability in human erythro- nificantly, a N&/Ca&* exchange mechanism was ruled
cytes under a variety of physiological and pharmacologi-out, as was a chloride dependency by sulfate ion substi-
cal conditions to further characterize the process and teution. However, as shown in Figs. 4 and 5 and by Desai
confirm or rule out previous suggestions that these memet al. (1991) strontium chloride can compete for*Ca
branes contain a dihydropyridine or verapamil in-entry but appears to be a less preferred substrate. Simi-
hibitable, L-type C&" channel (Varecka & Carafoli, larly, but to a considerably lesser extent, 18 tgCl,
1982; Neyses et al., 1985; Morris, David-Dufilho & was capable of inhibiting Ca net uptake below 2 m
Devynck, 1988; Engelmann & Duhm, 1989). external CaGJ (not showd resulting in an apparent €a

The rate of C&" entry into the simultaneously ATP- > SP* > Mg?* selectivity for the uptake process.
depleted and vanadate-pretreated outdated cells is on the Several reports, using different approaches to study
order of 7 to Qum/L cells/hr (at C&",. = 2.0 mv) which  passive C& influx, have suggested that there may be
is in reasonably good agreement with previous estimate€a " entry blocker-sensitive Gachannels in the human
using a variety of methodologies (Ferreira & Lew, 1977; erythrocyte membrane (Varecka & Carafoli, 1982; Ney-
Varecka & Carafoli, 1982; McNamara & Wiley, 1986) ses et al., 1985; Morris, David-Dufilho & Devynck,
for measuring passive entry but considerably lower tharl988; Engelmann & Duhm, 1989). In addition to differ-
the 53um/L/hr found by Desai et al. (1991) employing ences in cell sources and experimental protocols that
the method used here. These authors claimed that theccording to others (Engelmann & Duhm, 1989; Desai et
lower rates of C& entry found by others were due to an al., 1991) did not insure a completely arrested extrusion
incompletely arrested active extrusion pump and thusnechanism, many of the previously reported observa-
resulting in an imprecise saturability level, i.e., a nonsattions attributed to calcium channel inhibition can be sim-
urating leak offset by residual €atransport activity. ply explained by the modulation of residual Taump
Similarly, Lew et al. (1982) found rates of €aentry  activities or nonspecific, membrane-perturbing effects of
into chelator loaded cells of 48wv/L/hr when using au- the entry blockers or possibly their solvent vehicles
tologous plasma as an incubation medium but only 11Raess & Record, 1990). Alternatively, the source and
pM/L/hr when using a saline-based incubation mediumstorage conditions of the cells used in this and other
Our own work measuring passive €antry in freshly  studies needed exploring. It appears that tissue and
prepared erythrocyte vesicles of normo- and hyperlipid-membrane composition, and levels of cholesterol and
emic rabbits would tend to corroborate this work andother lipids, are related to the plasma lipoprotein profile,
strongly suggested an important role for plasma lipids inand that this composition is important in the maintenance
the regulation of plasma membrane?Ca&ransport, both  of integrity of membrane permeability barriers in general
passive and active (Raess, Porro & Tunnicliff, 1995).(for review seereagle 1988; Luly 1989) and for E&in
However, the simple absence or the presence of plasmgarticular (Vincenzi, 1989; Richter, 1992). In addition to
lipoproteins, and the fact that we employ banked, 0-5-data shown in Fig. 6, and to specifically rule out differ-
week outdated packed red cells in this study, cannot exences in sensitivity of the passive permeability t&Ca
plain the difference in rates reported here and those obchannel entry blockers on account of differences be-
tained by Desai et al. (1991). Side-by-side comparisortween freshly drawn and outdated red cells, we compared
of freshly drawnvs. banked blood resulted in similar outdated, banked cells with freshly drawn cells from a
rates of net C& uptake. In fact, fresh cells in a single single donor in their response to the effects of verapamil
experiment, showed a net accumulation of only 79% andup to 103 m). We found verapamil to be without any
82% of that of outdated cells after 60 and 240 minutesjnhibitory effects in either preparation. This suggests
respectively iot showi). that the lack of sensitivity to G4 channel entry blockers

At 2 mm Ca*,. net passive CA uptake fitted to an  is not a question of channel liability. Furthermore, to
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rule out the possibility of C& entry through other cation aceous carrier with characteristics described here cannot
channels typically found in excitable tissues, we testede ruled out unequivocally. Therefore, further work will
ryanodine, conotoxins and potassium channel modulabe needed to establish the correlation of phenylglyoxal
tors as well. None of the compounds tested, over largéncorporation into the pump and inhibition of this passive
concentration ranges, affected the?Caet uptake de- permeability of erythrocytes to €a

scribed here.

It has been shown by Warich, Schatzmann & The authors wish to thank the Evansville Red Cross and the Western
Romero (1979) that under contrived experimental con-Kentucky Regional Blood Center in Owensboro, KY for the many
ditions the primary active extrusion pump can be re-9enerous gifts of outdated red blood cells.
versed, i.e., a large Gatransport gradient in the oppo-
site direction can be used to generate ATP. Given th
small but finite, presumably carrier-mediated,?Caet
uptake in cells with a disabled active Eatransport Campbell, A.K. 1983. The investigation of intracellular®Cas a regu-
pump, and in the absence of any functionafCantry lator. In: Intracellular Calcium, its Universal Role as Regulator. pp.
channels (as defined by a lack of sensitivity to various  23-84. John Wiley and Sons, Chicester o
pharmacological agents). no aeional channel or exPess S SSeenisy P, Mot 0o Mok liongle o
chane mechz_mlsms _need_ to be postulated to expla_ln the erythrocytes.. Gen. Physsi'0|98:349_364
ca& permeability. With this precedence of a reVers'bleEngelmann, B., Duhm, J. 1989. Distinction of two components of
ion-translocation mechanism, it is not inconceivable that passive €& transport into human erythrocytes by Caentry
the C&"* entry observed in our studies is taking place blockers.Biochim. Biophys. Act881:36-42
using the arrested pump as a carrier. This notion is supFerreira, H.G., Lew, V.L. 1977. Passive Ca transport and cytoplasmic
ported by our observations that phenylglyoxal can inhibit Ca buffering in intact red celldn: Me_mbrane Transport in Red_
the process in a dose-dependent manner. Phenylglyoxal, gfe”; JNEW%EZ and V.L. Lew, editors. pp. 53-91. Academic
an irreversible carbodnr_nld_e arglnyl_ m(_)o_llflcanon agent, | . cen, FL Katz, S., Roufogalis, B.D., Brooks, D.E. 1981. Physi-
has been shown convincingly to inhibit a number of  gogic shear stresses enhance thé*Gaermeability of human
membrane transport processes including?{GaMg>")- erythrocytesNature 294: 667—668
ATPase activity and the G& transport pump (Raess, Lew,V.L,Tsien, R.Y., Miner, C., Bookchin, R.M. 1982. Physiological
Tunnicliff & Record, 1985; Raess, 1993)_ From this _[Caz*i level and pump-leak turnover in intact red cells using an
work, we suspect that there is a functionally essentia] Mcorporated Ca chelatoNature 298:478-481
arginyl group in the active site of the ATPase which is Lew, V.L. 1990. Permeability and permeabilization of red cells to

calcium. In: Intracellular Calcium Regulation. pp. 1-17. Alan R.
protected by the substrate ATP and thus prevents phenyl- | iss new York

glyoxal from covalently modifying the enzyme. More- |yly, p. 1989. Membrane Lipid changes in the abnormal red bell.
over, based on the kinetic analysis of the inhibition of the  The Red Cell Membrane, a Model for Solute Transport. B.U. Raess
enzyme by phenylglyoxal, the possibility exists that the and G. Tunnicliff, editors. pp. 399-421. Humana Press, Clifton
regulatory ATP binding site is modified as well. Since McNamara, M.K.,Wil(_ey,J.S. 1986. qusive permeability of human red
there is no ATP present in the cellular preparations used P/00d cells to calciumAm. J. Physiol250.C26-C31

. . T . - is, M.J., David-Dufilho, M., D k, M.A. 1988. R | Il
in this study, it is likely that these same sites are modified"°""s: M-J., David-Dufilho, M., Devynck, 988. Red b.ooc,i ce
ionized calcium concentration in spontaneous hypertension: Modu-

covalently since th_e eStimatw_Of the pa_ssive flux iS_in lation in vivo by the calcium antagonist PN 200.11Tlin. Exp.
good agreement with our previous studies of the primary  pharmacol. Physiol15:257—260

active (C&" + Mg®")-ATPase activity and Cd transport  Neyses, L., Locher, R., Stimpel, M., Streuli, R., Vetter, W. 1985.
(Raess et al., 1985; Raess, 1993). Unfortunately, an ATP Stereospecific modulation of the calcium channel in human eryth-
“protection pI’OtOCO|” in this experimental setup is not rocytes by cholesterol and its oxidized derivativ€sochem. J.
possible, because the addition of ATP to these depletega 227105-112

" i Eanet tak t of fi ess, B.U. 1993. Irreversible Modification of Red CelPCmansport
cells negates any net uptake on account ol reactl- by phenylglyoxal.Mol. Pharmacol.44:399-404

vating th? eXtrUSi_On pump. ) Raess, B.U., Porro, R.F., Tunnicliff, G. 1995. Regulation of rabbit
Notwithstanding the absence of a direct measure- erythrocyte C&*-pump sensitivity to calmodulin in experimental

ment of phenylglyoxal incorporation into the transloca-  hyperlipidemia.Proc. Soc. Exp. Biol. Mec209:410-417
tion enzyme, we contemplate the idea that the passivBaess, B.U., Record, D.M. 1990. Inhibition of Erythrocyt€Gpump
Ca* permeability studied here may well be a back- by C&™ antagonistsBiochem. Pharmacok0:2549-2555
diffusion of the ion through its idle extrusion pump. This Raess, B.U.,'Tunnlcllﬁ, G., Record, D.M. 1985. Ir;t+eract|on of phgnyl-
suggestion is consistent with both the present findings 9oxal with the human erythrocyte (€a+ Mg)-ATPase. Evi-
and other proposals of a saturable carrier-mediatéd Ca dence for. the presence of an essential arginyl resiliot. Phar-

. - macol.27:444-450
net entry without exchange or ion codependence (FerRega, AF. 1986. The G4 homeostasisin: C&#* Pump of Plasma
reira & Lew, 1977; Lew et al., 1982; Desai et al., 1991).  Membranes. AF. Rega, and P.J. Garrahan, editors. pp. 13-20.
Alternatively, another as of yet unidentified protein- CRC, Boca Raton
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